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INTRODUCTION

~{ The lowest observable frequency (LOF) for a specified hf circuit is important when
one is specifying the propagation window for that circuit. This lowest frequency is an ab-
sorption controlled effect. The major cause of absorption at low and midlatitudes is the ]
solar created ionospheric D-region. During quiet solar conditions this D-region responds
directly to the amount of ionizing solar radiation reaching it. As shown in Bleiweiss (1970,
1972) and Argo and Hill (1977), this solar control is directly related to the solar zenith
angle. Other relevant parameters are latitude, sunspot number, and season (calculated from
Julian day), which are all described in Argo and Hill (1977).

The computer program listing presented in the appendix contains the necessary sub-
routines for calculating the quiet time LOF (QLOF), and a sample control routine for driving
the set of subroutines. The present setup will handle up to ten (10) paths and can easily be
changed up or down. i\

E | The routine “SR” also provides MOF, FOT for paths < 2000 km. Notice that by
calling “QLOF”, after c:\lling “SR”, the LOF is defined for pathlengths > 1000 km by the
“QLOF” routine. \

These routines ha\ig been checked under many conditions and the outputs compare

well with the oblique incidé{lt sounder data available at NOSC.
\
\

CALCULATING THE SIGNAL LOSS MARGIN (SLM)

Because the QLOF routine was calibrated using an oblique sounder system, it is
necessary to modify the calculations to provide LOFs for other systems. The signal loss
margin (SLM) is the difference (in dB) between the minimum usable signal at the receiver,
and the signal level expected at the same terminal under conditions of no ionospheric absorp-
tion. For the NOSC sounder systems, this SLM was found to be 37 dB. The following
paragraphs describe how to estimate the SLM for propagation circuits.

The signal loss margin SLM is given by:

SLM=S-N-R; , )

T AR ©

where S is the signal strength in the absence of ionospheric absorption, N = F, - 204,
Fam is the median value of radio noise power density F; given in CCIR reports 322-1 and
258-2, and R is the required signal to noise density ratio for the grade of service. There-
fore, the SLM is given by

SLM=Pt+Gt+Gr-Lb—N-Rl (2)

where

Pi: source level, decibels above 1 watt

Q

. transmitting antenna gain (dB)
Gr: receiving antenna gain (dB)
Lb: basic transmission loss exclusive of ionospheric absorption.

We are assuming the losses in the transmitting and receiving antenna circuits are
negligible. Otherwise, they would be added here. Note, also, that only Ly and N are system
independent. Let
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SLM=§'-8"; (3)
where,

§'=P +G;-G,-R 4)
and

S"=Lp,+N . (5)

In at least one application it has been found that: (1) G¢ is omnidirectional antenna
with a gain of 4.76 dB/isotropic, and (2) Gy is a high gain antenna with a gain of 13.6 dB/
isotropic. Thus,

S'=1836+P -R . (6)

Notice that the units of signal power in Py and R} must be the same (i.e., PEP or
mean), and

SN: Lbf+N=Lbf+ Fam-204, (7
assuming ground losses are negligible.

Here, Lyy¢ is the basic free space loss, and is given by

where d is the propagation path length and f is the frequency in MHz. CCIR Report 258-2
gives the rural man-made noise as,

and so in regions where rural man-made noise applies, S’ becomes,

S§" =-104.35 + 20 log; o=d - 7.7 log of . (10)

Note the S” includes frequency, which is nominally unknown. One solution is to average
the value of logof for 2.5 MHz and 30 MHz, giving 7.7 logjgf = 7.22. Another, more
accurate solution, would be to modify QLOF and use the calculated sounder LOF at this
point. Using the average value 7.22 in equation 10

§" =-111.57 + 20 log; od . an

Now, the sounder was calibrated using a 3800 km path and so for use here, d should be
replaced by 3800 km.
Combining equations (6) and (11) we obtain,




= 18.36 + Py = 111.57 - 20 log,  (3800)

58.36 + Pt -R,
Pt =10. X log 10 (power in watts)

and suggested values for R are included in table 1 (from CCIR recommendation 339-3).

Table 1. Required signal-to-noise ratios.

o b i

50 baud telegraph 40 dB
4 Telephony, double side band 51dB
* Telephony, single side band 48 dB
1 Composite 16 channel, 75 baud each 60 dB

Remember that equation (12) has assumed specific receiving and transmitting
antenna gains, and so in general

SLM=40+P,~R; + G, +G,

iy el s i
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e T e it ek

4



! P> MAIN CLPOF SaAMPLF FONTRPAL RAUTINE FPR PRIVING GLFF LA 1
‘ C RY Fall ARErR aNn JAY HTLL., AUGUSY 1, 1978 REDE - 2
.‘ REAL ¥ oL g
H PINENSTION TRP(A,1N)FRAT(7,10),LCF(1N),33P(2) o B |
CINMFNSTIAN EOT(10),MIFCI0),NFL(1D),%."€10) LR 5
& INTFRFER TIMF(4),YEAR ~LOF 7
| c S I=CUNSPAT AUMPFR,YFAR® 1922, JN= TUL [AN DAY
bt WRITF(R,2)C1II,YFAP, T fLOF 1g
TINE(Y)mYF AR CLOFE A%
| TIME(2)=2 P LR 16
4 c INPUT PATK EACPOINTS
} e 1N 1=1,a rfLAF 17
REAN (K, T)1 8T 1,1 ONG1,LAT2,1 NARD ~IL°F 18
| WPITF (KT yLATY,L.ONGY L ATD 1 CNED LR 19
E TRE(1,1)=) ATy cLY® oA
‘ TPE (5, 1)= rNRy oLa% 21
TREIT,1)=1AT) eLIF 22
TRE(L,1)=| MNR2 rfLOF 23
SEM(1) = 27, cLYF 24
Lo FONTINUF CLAF o5
CALL ®ay%(t10P,rPNT,.N) oLoE 24
PN 1NN THFAI B=q,24 SLIF 27
TIME(Ty21LrYUP ~LAF 22
TIVMF(4)=n CLOIF 23
CALL SURSFLITIMF,S6P) GLOF 3¢
| WRITE(R,7A) THCLIR aLOP 31
} 7n FNRMAT(,,,T14) eLYF 3>
CALL SPIN,PPRT,Sy3,TIME SSP S M _|LFF FAT, MF, NFL) CLOF =3
. CALL OLOFI(FPNT N, S6P  TIMF Sy SILM, LOF) CLOF g
NN g0 T=1,\ CLOF 3%
60 TFL(I) = TFLIT1)*57,.2957795¢ FLIF 23
! WRITE (R, 12 (LOF(T)FATCD) MUIF(D) ,NFLIT) ,T=q,N) fLAF =7
12 FREMAT(/4X,AFR D) CLOF 3A
1on rPONTIMUF cLY" 39
sSTrp CLOF 410
ENP CLAF 4i-
SUBRNUTINE ALNF(APNT N,SSP,TINMF 843 1.0F)

AUTET TIMF |.CF FrRFCAST
TETIS RPOUTINF CALCULATES LOF FNAR UP TO 1) PATHS
INPUTS?
rPNT(7,10) PATH CONTRNI. POINTS CTVEN FROM SURRQUTINF PATH
(1) IF =( PATE LT 3I%0nKkM, [F =2 THFN PATE GT t§00KM
(2),(%)  LAT,LCNG NF MTIPPATHE (RPADIANS)
(4=7) LAT,LONG OF POINTS 1000KM IN FROM Fafk FEND(PADTANS)
A NUMRFP NF PATHS PFEING CALCULATFED
€8P (5, LAT,LNOMG NF SURSOLAR POINT (USF SUBROUTINE SURACL,)(RParYans,
TIME(4) FOUP FLEMFAT [NTFEFR APRAY
(1) VYFaR
(2) JULTAN DAY
(v HOUR
(4) MINUTF
€93 1Y MONTH RINNING AVFRAGF OF SUNSPOT NUMRFP
RETIIPNS
i LOF(10) CALPULATFE LNF IN TEN FLFHENT APPAY USTNR N FLFMEATS
1 REAL LOF(10),88P12),CPAT(7,10)
| REAL LNAFYLLNF2,Kk1.K2.M
| INTEREg TIMF(4)

1

DD OIDHNDIIOHHIIIOHO

[ MEDILM(KL) AND LANG(K2) PATHN CONSTANTS USED [N AONVFRTING
i c ARSORPTION TNTO LNF
i Kl ,ER
E K2en, 70

PO 2NN0 Tei,N
INITIALIZE LCFS TO MINIMUM(2)

o
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nn

fe e e Iy By X7}

tnn

200

DA IHIINONONO

VSR

LNF{Y)=2,
LNF =2,
IL.AF2=2,
FHFCK FAR SKECRT OR 4. NNG PATH
IF(TFIX(CFNT(1,Ty) FQ. 2) O TC #00
SHORT PATK ,LSE MINPATE FOR AESOPPTION CALC
CALL ARSFPR(SIR, TIMF,CPNT(2,1),CPNT(X,1),55P,ARS,CHT,H,CHINNN,
IFLARS 1T, 1 . F=tn MR, KT _GT, 1,A0)1G0 TC 1000
LOF(1)= K1aRART(ARPS)»(CHIG21,, RT)/0H(92]1 ,,CHINON) ) ew(aM)
GO0 YN tnannp
rENTTNLF
Y OKNR PATH  CALCULATFE ARSCRPTICN AT FARH CONTPOL PRINT,
THF ARSNPRTICN JSEN [N | OF CALCULATICN WILL BF AN AVERAGF
WITH CENTFP WETRKTEN NOURLE, CHFCKS AT FACH POINT FCR
MIGHT TIMF (7FNITH ANGLE GT 1.3 OF VFY (O ARSOPPTICH
ASSUME NN LFF LTSS THAN 2 K7
CALL ARSCPR(S43 TIME CONT(D,1),0PNT(3,1),55P ARG, AKT M, CHINAN)
pB1=n,
TF(ARS VY, 1 .Fagn LOR, KT _CT, 1.89)GY TN Aanp
ASI=ARSW (P[22 ,CHT) JCH(921 ., HTINON) Jan(ad o¥)
ACNTINU'F
ALl ARCPRE(Syx TIME CPNT(4,7),CPAT(R,1),38P, 4R CHT, M CHINAN,
AR2=Nn,
TFLARS (1T, 1,F=tg .OR, CHT 6T, (,aplG0 TQ opp
ARZEACSQe (FE(QD1 o HT) JCH(GQ2 1, ,CHTIACN) JunlwD oM)
CNNTIMIIF
CAll pafePe(ey TIME aPNT(A V) "PNTI? 1) _SSP_ame rkl M _CHINON)
AR=N,
TF129g 1T, 1, F=10 ,.pR, FkT _GT, 1.80)07 Tp 9%0
ARTI=AQS«(Fh (0D L,CHT)/CH(921.,CHINON) jww (=2, oM)
COANTINIF
LNF(T)I=K2«SORT((API*D, & ARD & AT2)/4.)
LOF(T)=SOPT( (37 /SIM( 1) )=l OF (1) ee2)
n CONTINIF
TFOOF(Ty T, 2,,LOF(yn2,
c CONTIN'E
QETHON
ENT
SURRNUTINE SR N NP, 813, TIMF SSP _SILM IOF, FOT,MUF,NFL
SHART SANGRF KF FORFCAST USING F AMD Fy LAYFPS (P<2000KV)
FAT IS CHNEGFN TP MIMIMIZE MULTTIPATH INTFRFFRFEMNCE @Y UStHNE
E LAYFR FFEFIFATIANS JUST 4RDVFE TKF TWA HE® MIIT OR 4T TkF
LAF WEEN | .FF T afF W FOF, WHEN SPORANIC F 1S PRFESFNT, LOF
16 RFFAMMENNFT FOR FRAT, cal.CULATION SKIPRED IF Ts>>npnki,

N = NUMAFR CF PATHS re x PATH PARAMFTFERS
St 2 SMALTEFT SUNSPAT NUM, TIMF = TI4F APRAY

e M = SianNal LrES MaARMEIN I.LAF = | DAFST OPSFRVFT FREQUENRY
FAT = FRFF FETIMUIM TRANS MUE = MaXTKMLM 1ISUARILE FREAUFNECY
NEL = LAlINPE ANGLF AT FOT eep = SIASCL AR PRINT

AV JAY R, KT(l, JVLY 20, 19758

INTERFP TIveE(g)

REAL MUF(In) ,LOF (1N oFOTIIN)I,TFLID),SLPN)
TINENSION FB(2,1Nn),SSP(D) ,FMUFID) FMIIF(2)

TATA P YF,bF /A7) .eR)ans110./sPATSFFH/R7 235878, .5/
TATRA F1oF2eF1oF2/1.R01e722.701.5/eHF717%,7

M 1N00 "=1,N

JE(RP (1T JFT, N 3910) 230 TO (000

ralL lﬂﬁf"ﬂﬂlG'j’T!NF.(‘P(?,'),c?(:’,]),SSF.A],CPI)
Pl = CP(1,11/2,

gy = S(N(PL)

fa= FOSEPL Y

IF(rHT (LF. 1,R) RO TN qg

LNEtLY = 2,

11

DO AR AN

TN

- bma pea b pb

s, s
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mn

4an

sn

1000

FALCLLATFS »aRSARPTIONS 4T A SCPFALFIFN POINT(LAT,LONG) ACCHRDINE TO

FOY(Y) = 2,

MUF(T) = 2,

PFIL(T) = ATAN((C|=0.95%R)/S1)
GNP TN ton0

Cr = £O0¢ (CHT)

CC = CO/APS(NC)eeld

FE = Ef{eF2eCr

FF a FleF2.CC

YF a (HF=FFE)/QORT (1 .=(FF/FF)ee2)
EF 1,=(FF/FF)an?

-
LOFLI)=CAPTUAT/SLMIT)I/CSQRT(1 .=, Q784/(1 . 4+((r1=.9R8)/F1)ae2)))
LY = 10
L2 = (N FF
IF(L? 1Y, LYY A0 TO 1000
Ne 4an 1 = 1,2
S?2 = gIN(gL/])
€2 = £OStP 2
EMLF(J) = 1,

FMLE(J) = 1,
TO 49 "=V g, 2
F = 1/1n.
X = F/FE
HY = HE4N ,SaYErIN* ) ARI{1e4Y)/,pS(1a=X))=2,)
TF(XY .GF, 1.,0) &N Tn 20
HY = HF=YF*SNPT (| =yneD)
GO TN 30
X = E/FF
B . HFaYFeSART (| ,=Xne?)
Y = QQQT(EF/(|,-X"2))
BV = HV4YFaXeALDR!YSSART(Yeene ))
N = ATANC(F2a] /(1 +KV/R))I/ED)
FM = F/SPOT (1 ,=(ANSIT)/(1,4KR/P))eeD)
TF(FM €T, EMUF(J) AN, F | T. FF) FMUF({J) = Fy
TF(FM BT, FMUF(J) _ANT, F _RF, FE) FMUF(J) = Fv
CONTINUF
FFL(V, = IYlN"Cl'G-QﬂS‘/SQ‘
FOTy = FMUF(1)e(Y,=,2/FF)
FOTo = EMUF (D) a(q ,¢,2/FF)
IF(eMUF (D) .LT. FMUF(2)) FNT? = FNHF(QD-Cl.O.zlrF)
IFlenT?2 1.T. FOTI) a0 Tn SN
TF(FMIF (Y)Y ,aT. FMUF (L)) gN Tr 50
FOYL = FMpF(1)e(l,=.2/FF)
FAT (1) = FCT2
[F(FNTD LT, LOF(T)) FET(1y) = FOTY
MUUF(T) = EMUUF(1)
TF(EMUF (4 LT, FMUF(4)) MUF(T) & FMIF({)
TE(FAT(YY AT, MUF(I) _AHN, LOF(T) LT, FE) FAT(I)=LPF(])
IF(ENT (1Y AT, MUF(T)) FOT(T) = MUF(]) = .o
TFCLOFETY LT, 2.09) LECFULY = 5
IF( FAT(YY LT, 2.0) FOTI(T) = 5,.p
IFE MUF(Y) (LT, 2.n) MUF(T) = 5.
TF(FATCYY (6T, FMUF (1)) DFL(T) = ATAN((C)=,078%) /%))
CONTINIF
ReTIIRN
ENT
SUPRNUTINE ABeraR(Q 3, TIHELLATLONE,3ap,ARGPpCHT, M, FHINON)

MACTIFIFN VFREIAN CF THE FORM GTIVFM [Ng

*ANRMA|. TCNASPHFERTA 4RSARPTICN MEASUPEMENTSS
FESA PRNFFESTIONAL PAPER#MA RY SCRULTZ aAND CALLFT,

SFF FURLTIAATIAN BY ARRQ FOR MCDNTIFIFATION® INALUDFPR HFRE,
MATFL INCLUTFS LaTITUNE,SNLAR CYPLF,SFASCNALEFFECTS
A% WELL AS E€FLAP GNANTRCLLEN NTURNAL VARTIATINMS

INPUTSSE
1T 1Y MOANTE AVFRARE SUNSPAT NUMARFR
TIMF(4) YFAP NAY KR, MTN U'T

29
33
31
32
33
34
33
36
X7
Ja
hL
49
41
42
43
44
45
45
47
13

83
S1

52
5%




LATLLONG FONTNL POINT [N RANFANG
€8P (2) SUBSCLAR POINTY LAT,LNONEG TN RATIANS
RETURNS:
ARSP ARCFAPTINNINNCN) IN DRIMHT7ew2)
CH1  ZFAITH ANGLF(PARTANS)
¥ POWFR NF CNAS(CHT) TN NTURNAL VARTATION
CHINAN  ANDPN ZFNITH ANGLF
E | CIVENSION €8P (D)
- INTERER TIMFL4)
REAL LAT,ICNG,M,N ,LAN
RAT=K? ,20%77
; W=t ,
4 » CHISARCASISTINII ATIaSTIN(SSP(1)) «CCSILAT)2CNS(SSP (1)) e
b # FNS(SSP!2)«LNNG))
{ c CALCULATE NOPNTTIME TENTTE ANGLF
3 CHINANSSSP (1) =| 4T

D2OOOHOO

oo

WINTEQ ANpMALY FACTQR FpR IRC, IsN
TFILAT LT, N,S23FA)R0 TN 1NN
TFETIME(D) £T, Xy ANT, TIMF(2, LT, 315) R0 TC 100
NE1, 40,027« (1), ~ARS(AN, =L AT«RLN)Y) 5
100 CANTINUE
Na2,*(CAR(I AT) ) ee2,40
N=\N 2,
E | CEXNE(CrSIFHINAN) ) #eN

([
[ CALCLLATTIRN nF ARSARPTIN
(]
AQecpsz DAR _ wwefayN
TF(LRSP 1T, 1.F=11) ARSP={ _.Faiy
(>
CCALPULATTIAN AF ¥ oo 7 ANGLF NEp WITH LATITUTE

LATml AT«FaT
TF(LAN AT 18,)CN TN 204
Map So( T2, (RAT=LAT/(R, )en NR)
6N TN 3pn
201 CONTINUF
IFILAN LT 24,60 T0O 2n2
Mep Re(n FEs 22+(RATaLAT=1R,)/6,)
G0 TN 3g0
202 CONTINIF
TF(LAN AT .28 1GN TN 203
Map S+, RA

50 TO Ign
20% CONTINUF
M=(Q,44
300 CONTINNE
RETUON
ENT
SUEBRNUTINE PATK(TRPPFRANT,N) 2ATH 1
()] NETERMINFG FANTONL PATNTS FOR HF LA0SOARDTICH KIVEN FATENINTS PATH 2
(] FAR LFSS THaAN AR FNUAL TC TEN(10) PATHS PATH 3
> c INFIITSS PATH &
! f TRP(4,10) ARF LaT,LONG OF TRANSMITTFR aANN RECTFVER IN DEGEREE® ™a%nW 5
| [ N NilvaFR NF PATHS ACNSIDFERFD (LE 10) PATH 6
f cC QUTPIITSE SATH 7
! % [ FENTI7,10) PATHLENGTE ANT CANTPEL POINT COORNINATESI®ADTIANG) BATH 8
| (1 (1) PATHLFNGTK IN RAPTANS SATH 3 |
/ [ (2),03) LAT,LONG NF MIDPAINRT(RANTANS) PATH 10 ;
| e (a=7) 1F £PNT(1)=2 THEN ARF LAT,LRNG OF POINTE §000KM PATH 1} i
c FENTERWARN OF FRNPNINTSS IF CPNT(g)=y THFN DUMMY PATH 12 |
DIMENSIAN TRP (4,10 PNT(7,10) PATH 13 !
RAT=%7 50877 PATH 14 i
TO gn T=q,h PATH 15 |
TO 4 J=9,4 PATH 16 {
TRPIJ, 1)=TRO(J, 1) /RaAD PATH 17 !

T




\
;} ’
| 10 CONTINUE PATH 18 i
| Do 2000 V=i,N PATH 19 H
i [ PATHLENGTH = TR PATH 20 i
| TRaARCOSISINITRP (3, 1) )eSIN(TRP(1,1))+COSITRP(I,1))¢CCS(TRP(1,1))¢ PATH 2 i
I 4« COS(TRP(2,1)=TRP(4,1))) PATH 22 !
PTReAPSIN(COS(TRP(3, 1)) aSINITRP(4,1)1=TRP(2,1))/8IN(TP)) PATH 23
! IFITRP(3,1) (LT, TRP((,1))PTP=3, 141593=PTR PATH 24 !
NPAT(1,1)=TR PATH 2%
i [ MIDPATH PATH 26
} TARO . KeTO PATH 27
‘ € LATITUDE 2aTH 23
| CPAT(2, 7 wARSINISINI(TRP(1,7))aC0(TN)eCOSITRPPI1,1))etIN(TO)e PATH 2a
} 4 rosS(ere)) PATH 30
| TEC=ARS(NICIN(TQ)eSIN(PYR) /FORICPNT(2,1))) PATH 3} :
| [ LENELITUNE PATH %>
| CPAT(X,1yaTRP(2,()+TPQ PATH 33
| (7 FONTROL. PCIATS 31000KM CENTERWARD OF TRANS PECIFVER PATH 34
i TA=0.1479% PATH 35
H CPAT(4,T)uARSIN(SINITRP(1,7))erOSITA)4CPSITRP(1,1))eSIN(TO)e PATH 35
i % COS(PTe)) SATH 37
TPOeARSINIEINITO)I2aSINIPTR) ,FOSICPNT 4, 1)) PATH 3A
CPNT(R 11=2FRR(2,1)+TPA PATH 73
TO=TPN_147q1 SATH 40
CPAY(ReTImARGINIQIN(TRP(1,1))eC0(TN) +CIg(TRP(1.1))egIN(TO) PATH 4}
4 ¢ +rNS(PTR)) PATH 42
! TRC=aARSINISINITAI#STIN(PTR) OSICPNT(5,1))) 2ATH 43
| CPNT(7,1)=TRP (S, 1)4TPAQ PATH g4
| 2000 CONTINIF PATH 45
| RFYURN PATH 44
| ENP SATH 47~
FUNCTIgN FRIY,Y) tH i
C CHaPMAN’S GRAZINT INCIDENPE INTFGRAL rH >
} . PPNGPAMMEN RY JAY R, HTLL, AIIGLST (€, (972 oK -
£ AFFURARY <= n_1Y WHFEN X(1«SIN(Y))<I0 NR £NS(Y)yn % 2
¢ YIMINRES T2V 360/6% ® 3,58 MSFM AVFRACFE o] ]
PU7,1) = FXPI2,aXaSIN(ZaiR/2.) QS (Y474 C/2,) /U7 ) /UL rH o
F(Z) = ©(7,8IN(7*a¢vV)) CH 7
| Cy = flgty) rE F
3] CY1 = FYen,.N1745%20 Iy
4 IF(REN ,aY AT, XoCYieed) GO TO {0 (o] 12
CH = 1 0Y re 11
RETURN (o] 12
10 G & (ARSTMIX@QINIY) /(X4ALOR(Y)420,0))=Y)/20,0 2 b
[FIEYL LY, a,n) 00 T0 30 rH 14
IF(XeCYy 1T, 40.*Y) GC TN 2n (o] 15
CHE=XeSTN(V)aGa( ,14FR4ACRRF (N ,414214),, A5 8534«F( RARTR464)) rH 16
RETUPN (el 17
4 20 CHa=YeSIN(Y,e0e(,5302047F=3eF(0,30%N71)4,NTRAL79(eF (4,536620) L] 12
i ¥4 JINTAIRTeF(1,745761) 4. 601541 +F( R225477) ) cH 13
: PETUPN tk 2
4 30 CHueX®STNIY)#Ge(,4240314F=64F(16,27926)+.282%923FgeF(1],.R4%76, tk 2i
¥ 4 JTEIONPAFIeF (R, IIN1S53)+.NOQ501%17+F(5,5%2404) (o] 22
‘ ¥, JNA2NPIARCFII,401434) ,.21R0AETeF(],AN374]) (o] 23 !
| ¥ ¢ AN1110GeF(,7204545)4+,3Npd411F(,1277335) ) CH 24 Loe
PETURN e 25
EnE e ?6=
. SUPRNUTINF RSN (TINMF,SSP) .
H C COMPYTE S REFLAR POINT AL B “
i [ TIMF IN HAURS AND NFATMAL FRACTINNS THFPFCF WML 8
| £ LAT & LONR ' PFEREES, EAST & SOUTH NFRATIVE AL 7
i PIVENSIPAN TIMF(4),8€P(2)
i INTFGEP YFAR, PaY 2uAL A

INTERER HALP
INTEREP TiME
REAL LAT, LANG AL a
PAlTeR7 0077
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YEARaTY
NAY=T]
HOURST

IvF(1)
MF(2)
tve()

PAYHR = FLPAT(NAY) « FLOAT(HOUR) /248, ¢ FLOATITINF(4)) /144,
CALL ALMNAP (YEAR_ DAYKR, NEC, FONT)H

LAY =
GHA =
LONg =
St (?2)
S&P (1)
AETUPN
EnNP
suepny
CAMPUTE T
veyres

CUTPUTS:

no”o‘o OF
GHA =

PRARRAMME
INTERE
TATa
MaTy
TATA
TAYA
NATA
TATA
K = M0
TATFE =
IF (w«
PATF =
X = DA
SY =
Cy =
TWeEerY
co2Y -
ao2x
c3X
s
cay

-
=
t 3
=
cav =
=
=
=
=

DOHDHHODOHOHDO

(oo !

§%Y

CRY

nee

1

FONY o

1 +

RETIHRN

ENT
EOF..

nEe

FLOAT(NOUR) o (12,0 . FCNT/€N,0)
18, Neyd

= A G/RAN

=LAT/RAD

TINF ALMNAC ( YEAR, DaY, PFe, FONT )

HF SCLAR DERLINATION aANp FRUATION OF TIME
YFAF - INTEGER 1900 « 2000 A,70,

NAY < JULTAN DAY NUMeFR PLUS DFCIMAL FRACTICA
TFr - NECLINATICN OF SUN (PFRREFS)

FANT =« ENIIATION CF TIVMF (MTANUTES)

THE SN MAY RF CONUPUTFP [N PEGREFS FRCMS
18, P+ HOURS (12 N+EANTZE0 0))
N gY JAY R, HILLs 19K°
P YFAR

AR/ NeX798/5A1/7=23,000Q/

3uaL
AL

3uaL

syAaL
3uaL
ALMC
ALC
ALC
ALME
AL
aAL'C
ALNC
AlLiC
AL''c
ALC
AL'C

242920300480 4%50,6/=N.3802, =0.1550s =N.007€, =0.N7028, =N.NCN4/,L1E
P1,R2,PY,R4,R5/ 3,53%4, 0.0302. 1N.N728, 0.N0I2, N.0020/ALMC
C1,F2,0,C840% /N.RQES, =2,0%5)2, =N.06%3, =0.1248, =n.C1N3/ALC
NI gT2,NI,NA,D8/=7,3435, =G.2R47, =0.3083, =N,1747, =N.01%G/ALC

CNF, TWE /7 1,0s2.,0/
N (YFAR, 4)

RRE «FLOATIK) 4, n.007R«FLOAT(YFAR=1068)
NF 0\ NATF = NATF ¢ 1.0

PATE & PaAY
TF/IRE 280NN «F,.2811853
SINE X )
Cest Y )
2 ThlCerYX
TWOrY«CY = ONF
TWrrYeSY

TWArYelfOX & (Y

TwArY«S2X « SY

TWACYaC3Y = £2X

TRArY 23X = SoX

TWACYeCAY o X

ThNEXeSAYX = &Y

TWArY#FSY = (CAYX

AN & AlelY ¢ A2eNDOXY ¢ AJ«lF3IY ¢ AA4eC4Y ¢ ASeCEY ¢ AGeCEX

+ B1eSY & R2e8O0X 3 RI«CIY 4 PAwS4X & OREE&Y

F1elfY 4 F2eCOX 4 OI«CIY 4 Cd42T4% o« CSeCSY
TI#CY & N2«SOX & NISIY & Tdel4X ¢ NKeSKRY
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ALMC
ALC

aLe
ALiC
ALMC
ALNME
ALNC
ALMC
ALC
ALC
ALne
aLne
ALC
ALC
AL'C
aLne
ALne
ALNE
ALC
ALNE
ALMC
ALiC
aLC

—
[

-
L )

- —
I
]

O NGB AN=Cv U

.
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